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Problem 1. T
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We start by writing  general plane wave fields in each region:
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Problem 1. Cont.
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Solving for Γ:
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Problem 2. (a) Since Al2o2 is a low-loss material,i.e., 1102 4 <<×==δ −
ε′
ε′′

ctan

Using εr=9.7 and µr=1, the attenuation constant α at 10 GHz can be computed 
as
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Problem 2. (b) The penetration depth d can be found from α as

Using εr=9.7 and µr=1, the attenuation constant α at 10 GHz can be computed 
as

md 3151 .≈α= −

(c) For the thickness of 1 cm, the total dB attenuation is found to be

( )( ) dBe 00567020 01006530 .log~ .. −≈−

(c) And for the thickness of 1 m, the total dB attenuation is found to be

( )( ) dBe 567020 106530 .log~ . −≈−
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Problem 3. (a) Using σ=0, ε= ε’- jε’’, and µ= µ’- jµ’’, we rewrite the wave equation 
(see class notes)

( ) ( ) 02 =ε ′′−ε ′ωµ ′′−µ ′ω−∇ EjjjjE

After some algebraic manipulations, this equation can be simplifies as
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ly.respectiveand Where ε ′′µ ′′−ε′µ′=δ′ε′µ ′′+ε ′′µ′=δ ′′ rrrrrr

Comparing this equation with                                   in the case of a uniform 
medium characterized by real constants σ, ε and µ where the loss tangent 
was defined as 
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Problem 3.

We conclude that the corresponding loss tangent in this case is given by

r

r
c δ′

δ ′′
=δtan

(b) The attenuation constant  α is defined as the real part of the propagation 
constant γ. The propagation constant We conclude that the corresponding loss 
tangent in this case is given by γ is given by

( ) ( )ε ′′−ε ′ωµ ′′µ ′ω=β+α=γ jjj-jj

Calculate α2+β2 and α2-β2 and add.
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( ) ( )
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ε ′′−ε′ωµ ′′µ′ω=β+α=γ
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Do the same for 22 β−α
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After some algebra!
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( )

( )
 

   
   

    

     

02

2

0

0

2

2
2

012

21

0222

0222

22

21

0

0111

101510

232

2
5

10
10

15
10

32

1064

5322

ε+−=

+−=

=
ε
ε

=
ε

=

ε==

=

ε−=ε=

ε=ε=

−==

=

ε+−=

+−ε=ε=

zyx

zyx

z
z

zz

nn

yy

xx

yx

tt

zyx

zyx

aaaD

aaaE

D
E

DD

DD

ED

ED

EE

EE

aaa

aaaED

,


